Background. Functional evaluation is a cornerstone of multidimensional geriatric assessment; however, little is known of the clinical value of standardized performance-based assessment in the acute care setting. The aim of this study was to evaluate the clinical correlates and short-term predictive value of the Short Physical Performance Battery (SPPB) in older patients admitted to the hospital for an acute medical event.
O
LDER persons are at high risk for worsening health and functional decline. Older patients admitted to the hospital for medical events represent a subgroup at higher risk (1) . In hospitalized patients, poor functional status has important consequences as it has been associated with the risk of longer hospital stay, home care placement, and mortality. Furthermore, hospitalization has been associated with risk of incident disability 6 and 18 months later (2) .
Identification of patients at high risk of functional decline is of paramount importance for the prevention of this common negative outcome. However, medical diagnoses and traditional clinical assessment have limited capacity to discriminate high-and low-risk groups (3) . Objective measures of physical performance may prove to be an additional and useful clinical tool for risk stratification.
In the Established Populations for the Epidemiologic Study of the Elderly it was demonstrated that the Short Physical Performance Battery (SPPB), a set of objective measures of lower extremity physical performance, was highly predictive of subsequent disability, institutionalization, and mortality (4) . The risk gradient for these outcomes was seen across the full spectrum of baseline functional performance, indicating that increased risk can be documented even for persons in the mid-range of performance. An important extension to the research use of these measures is their application in the clinical setting. Studenski and colleagues (5) demonstrated that the SPPB could be performed safely and in a short time in outpatient clinics, and that it predicted adverse outcomes similarly to what were found in epidemiological research cohorts. The authors proposed the physical performance measures as ''simple and accessible vital signs'' for the screening of older adults in the clinical setting. This finding supports the premise that standardized performance measures of physical functioning may be valuable when used in routine clinical practice as early warning signs of impending problems. Functional evaluation is a cornerstone of multidimensional geriatric assessment. Nevertheless, performance-based measures have not been incorporated in routine evaluation of older inpatients so far (6) .
To investigate the feasibility and clinical utility of physical performance assessment in the geriatric acute setting, we conducted a 1-year observational study of acutely ill older inpatients. The primary objective of this data analysis was to describe the clinical correlates and short-term predictive value of SPPB assessed in a sample of older patients admitted to the hospital for an acute medical event.
METHODS

Study Design and Data Collection
Between October 1, 2004 and December 31, 2006, patients admitted to the Section of Internal Medicine and Geriatrics (University of Ferrara, Italy) were screened for eligibility for a 1-year longitudinal observational study. Inclusion criteria for the study were as follows: (a) age 65 years or older; (b) ability to stand and walk for a few meters; (c) a clinical diagnosis of one of the following conditions: congestive heart failure, chronic obstructive pulmonary disease (COPD), pneumonia, and minor stroke. These conditions were selected because they are common causes of hospitalizations in older patients and because they are conditions that strongly affect physical function in older frail persons. Patients were considered ineligible for the study if they had severe cognitive impairment (Mini-Mental State Examination [MMSE] score , 18) or acute coronary syndrome, if they were living more than 25 km (15.5 miles) from the medical center, or if they refused to participate in the study. Every day, staff physicians informed three trained research physicians of all newly admitted patients potentially eligible. In addition, the research physicians reviewed all patients' charts for other potentially eligible patients. Eligibility was finally verified by the trained research physicians by means of chart review and physical examination when appropriate. After the screening process, 125 patients fulfilled all the inclusion and exclusion criteria and therefore were considered eligible for the study. Of those eligible, 92 (74%) agreed to participate, signed the informed consent, and were enrolled in the study. Participants were evaluated by means of a comprehensive geriatric assessment at hospital admission, then were reevaluated the day of hospital discharge, then 1 week and 1 month after hospital discharge by in-home visits and, subsequently, every 3 months by telephone interviews.
The performance-based measures of physical function were assessed at hospital admission (within 56 hours after actual hospital admission), within 24 hours before hospital discharge, and during the home visits 1 week and 1 month after hospital discharge. By daily meetings with the department referent-physicians (the physician in charge of patient's care), the second performance-based assessment was performed for all patients the day of hospital discharge. The local Institutional Review Board reviewed and approved the study protocol.
Measures
Demographics.-Sociodemographic information, including gender, marital status, living arrangement, educational level, and smoking habits were collected at baseline by standardized interview.
Performance-based measures of physical function.-Performance-based measures of physical function included the SPPB and handgrip strength. The trained research physicians tested all performance-based measures. The SPPB includes usual walking speed over 4 meters; five chair stands test, and balance test. A score (scale, 0-4) was assigned to performance on time to rise five times from a seated position, standing balance, and 4-meter walking velocity. Individuals received a score of 0 for each task they were unable to complete. Participants were coded as ''unable to perform'' when (a) they tried but were unable; or (b) the interviewer or subject felt it was unsafe. Scores of 1-4 for each task were assigned based on quartiles of performance for more than 6000 participants in the Established Populations for the Epidemiologic Study of the Elderly (4,7). Summing the three individual categorical scores, a summary performance score was created for each participant (range 0-12), with higher scores indicating better lower body function. The SPPB score is a global measure of lower extremity functioning that predicts mobility loss, nursing home placement, and mortality among community-dwelling elderly individuals. The SPPB has been shown to be reliable, valid, and sensitive to change. Intraclass correlation coefficients ranged from 0.88 to 0.92 for measures made 1-week apart, with a 6-month average correlation coefficient of 0.78 (8) . Handgrip strength was measured using a standardized protocol (9) . The assessment of grip strength using a handheld dynamometer has been previously shown to be reliable and valid among hospitalized older patients (10).
Self-report measure of physical function.-Information on six instrumental activities of daily living (IADL) was obtained using a modified version of the Lawton and Brody scale (11) . The six activities included were as follows: using the telephone, traveling via car or public transportation, shopping, housecleaning, handling money, and taking medications. Participants were asked if they had any difficulty performing each task without help from another person or special equipment. If they said they did have difficulty, they were then asked how much difficulty, with response options of ''some difficulty, a lot of difficulty, or unable to do without help.'' At hospital admission the patients were asked if they had any difficulty performing each task during the preceding 2 weeks. The same information was collected at home visits and during the four telephone interviews.
Walking performance was assessed inquiring the patient about level of difficulty walking 400 meters (a quarter of a mile) and walking up 10 steps without resting. Disability in basic ADL (ADL) was measured according to the participants' self-reported difficulty in performing each of six activities: getting in and out of a bed, bathing, dressing, eating, personal hygiene, and using the toilet (12) . For mobility and basic ADL the format was the same used for IADLs. Based on the results of previous works (1, 3) showing a high rate of decline in ADL function in the weeks preceding hospital admission, information on basic ADL was queried for both hospital admission and during the preceding 2 weeks.
Cognitive and affective function.-Cognitive functioning was assessed using the MMSE (13) . Patients with scores ,24 were considered to have mild cognitive impairment. Depressive symptoms were measured using the Center for Epidemiological Studies-Depression (CES-D) Scale (14) (range from 0 to 60, with higher scores indicating more depressive symptomatology). Patients with scores .16 were considered to have depressive symptomatology (15) .
Comorbidity and indicators of disease severity.-Comorbidity was assessed by using the Cumulative Illness Rating Scale (CIRS; 16) a validated (17) physician-rated index derived by means of patient history as well as physical examination and laboratory findings. The CIRS is divided into 14 categories or disorders. This index measures the chronic medical illness burden while taking into consideration the severity of chronic diseases. The final score of the CIRS is the sum of each of the 14 individual system scores, with higher values indicating greater disease burden severity. In addition, congestive heart failure, COPD, pneumonia, and stroke severity were assessed by the New York Heart Association cardiac function classification, the GOLD classification (18), the Fine prognostic score (19) , and the Canadian Neurological scale (20) , respectively.
Analysis
Data for this article are from the in-hospital evaluation, including admission and discharge assessments. Variables are reported as mean values 6 standard deviation, median and interquartile range (Q1-Q3), or percentages. The associations of SPPB score with clinical and self-reported functional characteristics were evaluated by using Spearman's rank correlation tests. Difference between the SPPB score at admission and discharge was analyzed using the t test for paired data. To explore the short-term predictive value of SPPB, we estimated hospital length of stay, a proxy measure of health status and length of recovery (21) , as a function of SPPB score evaluated at hospital admission. This analysis was performed using multivariable linear regression models adjusting for age, gender, comorbidity, and basic ADL disability. SBBP was analyzed both as three-group categorical variable and as continuous variable. All analyses were performed using STATA statistical software (release 9; College Station, TX).
RESULTS
Patient Characteristics
The study sample consisted of 92 patients; the mean age was 77.7 years (range 65-94 years), 49% were female, 64.1% had congestive heart failure, 16% COPD, 13.1% pneumonia, and 6.5% minor stroke. According to inclusion criteria, the mean MMSE score was 25.6, and 21.7% of patients had mild cognitive impairment (MMSE score between 18 and 23.9). At baseline interview, 56.6% reported having difficulties in performing at least one IADL, and 31.5% had difficulties with at least one basic ADL during the 2 weeks before hospital admission, whereas 53.3% of the patients reported difficulties in performing at least one basic ADL at the time of hospital admission. The mean length of hospital stay was 9.8 days (Table 1) .
SPPB Results
At hospital admission, SPPB scores ranged from 0 to 11, with a mean score of 6.0 6 2.7, with men having better performance compared to women (6.7 vs 5.4, p¼.019). There were not significant differences in SPPB score at hospital admission according to admission diagnosis (analysis of variance: F ¼ 1.1; p ¼ .380). Compared to admission assessment, 63.2% of patients had better SPPB performance at hospital discharge, 17.3% remained stable, and 19.5% had worse performance. On average, SPPB score difference between admission and discharge evaluation was þ0.97 (standard error of the mean [SEM] ¼ 0.2), (p for paired t test , .001) (Figure 1 ). There was no significant difference in SPPB score at discharge according to admission diagnosis (analysis of covariance adjusted for age and gender: F ¼0.53; p ¼ .663).
SPPB scores and measures of clinical and functional status.- Table 2 displays Spearman correlation coefficients for SPPB scores at hospital admission and discharge evaluations with selected clinical and functional characteristics. Both SPPB scores were inversely and significantly correlated with age, the severity of the main disease, IADL, and basic ADL difficulty during the 2 weeks before hospital admission, and directly correlated with MMSE score; overall, the strength of these associations ranged from moderate to good. SPPB score at hospital admission, but not at hospital discharge, was also significantly correlated with decline in basic ADL function during the last 2 weeks before hospital admission and with the length of hospital stay. SPPB scores predictive of hospital length of stay.- Table 3 displays the results of the multivariate regression analyses predicting length of hospital stay. After adjustment for age and gender, patients with better SPPB scores (8) (9) (10) (11) (12) compared to patients with the poorest SPPB scores (0-4) had a shorter hospital stay, with an average difference of 4 days. This difference was attenuated after controlling for level of comorbidity and basic ADL status evaluated at hospital admission. Nevertheless, after full adjustment, the difference was still clinically and statistically significant (2.5 days; p , .036). Conversely, basic ADL status and level of comorbidity were no longer significant predictors of length of stay. When SPPB score was analyzed as a continuous variable, a 1-point increase of the SPPB score was associated with a 0.5-day reduction in hospital stay (p , .007). Because gait speed is easy to measure and may be done quickly in the clinical setting, it is useful to evaluate whether measuring gait speed alone may capture the predictive power of the more comprehensive and demanding full battery. To do this we compared the variance (adjusted r 2 ) explained by the SPPB with the variance explained by the three subtasks in age-and gender-adjusted models predicting hospital length of stay. Of the three SPPB components, walking speed had the highest predicting value (r 2 ¼ 0.16) that was also slightly higher than that of the whole battery (r 2 ¼ 0.13)
Feasibility and Acceptability
The full SPPB testing took, on average, 12 minutes to complete and in less than 10% of the tests took more than 15 minutes. Participants were asked about the acceptability of the SPPB. None felt it was less than acceptable, but five complained of excessive fatigue in performing the five chair stands test. With regard to adverse events after more than 177 tests were performed, only one syncope episode, without subsequent trauma, was registered.
DISCUSSION
In older acute medical inpatients, the SPPB, a simple battery of lower extremity physical function measures, correlates with pre-admission and baseline self-report measures of functional status and with common clinical indicators of comorbidity and disease severity. SPPB score assessed within 48 hours after hospital admission is significantly associated with the length of hospital stay independent of traditional prognostic indicators including age, ADL status, cognitive status, and level of comorbidity. Our findings Figure 1 . Short Physical Performance Battery score distribution at hospital admission (black bars) and hospital discharge (gray bars). The lines are appropriately scaled normal density curves (black for hospital admission and gray for hospital discharge). SE ¼ standard error; diff ¼ difference; C. I. ¼ confidence interval. demonstrate that the SPPB is a tool that can be feasibly and safely administered in the acute-care geriatric ward and can provide initial evidence for its validity and utility as a clinical instrument for in-depth functional evaluation and prognostic stratification.
Despite a large body of epidemiological evidence demonstrating the predictive value of different mobility performance tests in terms of various adverse outcomes in community-dwelling elders (7, (22) (23) (24) (25) , the use of physical performance measures in the acute-care clinical setting has received little attention so far. Our results confirm and extend, at a clinical level, the findings of previous epidemiological studies. In particular, our findings are in good agreement with the study of Purser and colleagues (6) who demonstrated, in a sample of frail male veterans, that walking speed assessed during hospitalization provides useful information for the functional and prognostic assessment of acutely ill older adults. Our study demonstrated that SPPB score has good concurrent validity with baseline clinical indicators and self-report measures of disability; nevertheless, the values of the correlation coefficients for the association between SPPB and ADL disability (0.45-0.53) suggested that, although statistically correlated, these two tools explore different and only partially overlapping domains of physical function. Furthermore, SPPB score evaluated at hospital admission was linearly and directly associated with length of hospital stay, with the relationship remaining significant after adjustment for comorbidity and level of self-reported disability, whereas the association between ADL disability and length of hospital stay was statistically significant in the univariate analysis but was attenuated and no longer statistically significant in the multivariate analysis. From this point of view, our findings reinforce the concept that self-reported and performance-based measurements provide complementary information and that performance-based assessment might add prognostic information in patients with or with no or moderate ADL disability (26) . Indeed, we excluded patients who were unable to walk, and only five patients reported being unable to perform one or more basic ADLs before hospital admission.
In older inpatients, change in functional status during hospitalization has been related to important short-and long-term outcomes, including nursing home admission, disability, and mortality (27) . Previous studies in which functional status was assessed by means of self-report measures reported a 37% rate of change in ADL status between hospital admission and hospital discharge. In our study, 83.7% of the patients experienced a clinically relevant change in lower extremity function (61 point in SPPB score) over hospitalization (28) , suggesting that also in this care setting SPPB might be a more sensitive tool for functional status monitoring than self-report.
Objective measures of physical performance are likely to capture the integrated and multisystemic effect of aging, comorbidity, disease severity, malnutrition, motivation, and cognition (29) (30) (31) (32) on the health status of older persons. Like other biomarkers, including cholesterol and albumin levels (33), SPPB might be considered to be a nonspecific but highly sensitive indicator of global health status reflecting several underlying physiological impairments (34) . This hypothesis would explain why SPPB had better prognostic value compared to other individual indicators.
Our data might have important implications for the safety and feasibility with which the SPPB can be assessed in hospitalized patients. Trained research physicians conducted all the 4-meter gait speed, balance, and chair rise tests for this study of acutely ill older patients within 48 hours after hospital admission, and there was no report of any major adverse event. To the best of our knowledge, this is the first time in which three different and complementary time-based tests of lower extremity function were administered to older patients admitted to the hospital. This research also demonstrated that assessing gait speed alone is as good as performing the full battery of performance tests in the prediction of length of hospital stay. If confirmed with the longitudinal data and with more specific functional outcomes, this result might have important practical applications in facilitating the widespread use of objective performance assessment in the acute care setting.
The limitations of the study include the small sample size that reduced the statistical power of our analysis and the enrolment of patients admitted to the hospital with selected medical conditions (i.e., congestive heart failure, COPD, pneumonia, and minor stroke). Although these medical conditions are among the most common reasons for hospital admission in older persons (1, 3) , these restricted inclusion criteria might have reduced the external validity of our findings. 
Summary
This study presented the first evidence of the feasibility, validity, and preliminary prognostic utility of objective lower extremity performance assessment in the acute geriatric setting. Although our findings need to be replicated and extended in long-term longitudinal analysis, taken together these results support the hypothesis that, if incorporated into the routine in-hospital geriatric assessment, SPPB score could lead to better functional and prognostic evaluation of older acutely ill patients.
